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ANTI-HERPES VIRAL AGENTS AND ASSAYS THEREFOR 

l 

2 

3 The present invention relates to an anti-viral agent 

4 effective against herpesviruses and to an assay for 

5 screening for other suitable anti-viral agents. 
6 

7 Herpesviruses are a large family of viruses which 

8 infect a wide range of organisms. The term 

9 "Herpesvirus" is used herein to refer to any virus of 

10 the Herpes family, including viruses in the a, group 

11 (e.g. HSV, PrV), the ft group (eg HCMV) and in the y 

12 group (eg EBV) . Seven herpesviruses are known to infect 

13 humans and there is evidence for an eighth human 

14 herpesvirus- The most highly characterised human 

15 herpesvirus is herpes simplex type 1 (HSV-1) which is 

16 associated with causing lesions around the mouth (cold 

17 sores). HSV-2, which is closely related to HSV-1, is a 

18 primary cause of genital infections. A common feature 

19 of herpesviruses is their ability to establish latent 
2 0 infections and recurrences of HSV-1 and HSV-2 

21 infections are common among infected individuals. For a 

22 sizeable proportion of these individuals., recurrences 

23 are highly debilitating and impact upon quality of 

2 4 life. In other situations, and KSV-7 infection 

25 can be life- threatening. A third related virus, 

26 varicella zoster virus (VZV) , is the causative agent of 

27 chickenpox in children and shingles in adults. 
28 



WO 98/04708 PCT/GB97/02036 



1 Herpesvirus virions consist of four morphologically 

2 distinct components, the core, capsid, tegument and 

3 envelope (reviewed in Rixon, 1993). 

4 in virions made by HSV-1, the prototype a-herpesvirus, 

5 . there are about 29 viral polypeptides in the tegument 

6 and envelope (15 to 18 polypeptides in the tegument and 

7 ii glycoproteins in the envelope) . Thus these two 

8 regions of virus particles account for more than 30% of 

9 the genes encoded by the virus genome. From studies on 

10 L-particles, which are virus-related particles that 

11 lack a nucleocapsid and are made by HSV-1 , it has been 

12 demonstrated that the tegument and envelope can combine 

13 to assemble mature particles whose properties are 

14 indistinguishable from those of virions during the 

15 early events after infection (Szil&gyi and Cunningham, 

16 1991; McLauchlan et al . , 1992; Rixon et al . , 1992). 

17 The compositions of the tegument and envelope in 

18 virions and L-particles are also very similar (Szilagyi 

19 and Cunningham, 1991; McLauchlan and Rixon, 1992), 

20 hence, interaction with the capsid is not a primary 

21 determinant for incorporation into either of these sub- 

22 structures of virions. It follows that interactions 
2 3 between the tegument and envelope components play a 
24 critical role in particle assembly and maturation. 
25 

26 Three of the most abundant structural proteins are 

27 glycoprotein B (gB), VP16 and VP22. gB is located in 

28 the envelope while VP16 and VP22 are tegument proteins. 

29 

30 vp 16 is the psoduct af the 0L*8 gene and is 490 aarino 

31 acid residues in length with an apparent molecular 

32 weight of 65KDa on denaturing polyacryl amide gels. This 
13 protein plays- an essential role in both activation of 

34 transcription of immediate early ( IE ) genes and the 

35 assembly of the progeny virions (Weinheimer et al . , 
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1 1992; reviewed in O'Hare, 1993). Hence, deletion of 

2 this gene abrogates virus growth and, to date, it is 

3 the only tegument protein known to be essential for 

4 virus growth. Mutagenesis of the UL48 gene demonstrated 

5 that distinct regions of the VP16 protein are involved 

6 in transactivation and assembly (Ace et al . , 1988). The 

7 sequences involved in transactivation can be separated 

8 into two domains. One domain, within the N-terminal 

9 portion of the protein, is specific for protein 

10 interactions with cellular transcription factors. 

11 Another domain is located within the C-terminal tail 

12 region of the polypeptide; this region is rich in 

13 acidic residues, however, apart from HSV-2, it is not 

14 conserved in homologues of VP16. 
15 

16 The function of the other major tegument protein, VP22, 

17 has not been well characterised. The protein is 

18 encoded by the UL49 gene (Elliott and Meredith, 1992) 

19 and the open reading frame (ORF) consists of 301 amino 

20 acid residues. On denaturing polyacrylamide gels, the 

21 protein has an apparent molecular weight of 

22 approximately 38KDa. In infected cells, it is 

23 extensively modified post-translationally by 

24 phosphorylation, poly ( ADP) ribosylation and 

25 nucleotidylylation (Blaho et al . , 1994). 

26 Immunofluorescence studies have shown that, in infected 

27 cells, VP22 is located in the cytoplasm with high 

28 concentrations around the nuclear membrane (Elliott and 
2 9 Meredith, 1992). It also associates with the aacleax 

30 matrix and therefore may have DNA-binding ability 

31 (Knopf and Kaerner, 1980). Recent evidence has 

32 revealed that VP22 has tJie ability to exit and re-enter 

33 cells although the mechanism which mediates this 

34 property is unknown (Elliott and O'Hare, 1997). Within 

35 the tegument, VP22 is the most abundant structural 
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1 protein and recent evidence has shown that its 

2 abundance in the tegument can be further enhanced by 

3 altering the amount of VP22 produced during infection 

4 (Leslie et al . , 1996), We have evidence that mutations 

5 within this protein significantly reduce virus growth 

6 (J. McLaughlan and Y. Sun, unpublished data). In a 

7 related bovine herpesvirus , the removal of the gene 

8 that encodes the protein homologous to VP2 2 severely 

9 impairs virus growth (Liang et al., 1995). 
10 

11 gB is the most abundant of the envelope components. It 

12 is encoded by gene UL27 and is the most highly 

13 conserved gene among those encoding herpesvirus 

14 glycoproteins. Along with three other glycoproteins 

15 (gD/ gH and gL) , it is essential for virus replication 

16 in tissue culture and is required for virus penetration 

17 and cell to cell spread- The unprocessed polypeptide 

18 consists of 904 residues and, on denaturing 

19 polyacrylamide gels, the mature species has an apparent 

20 molecular weight of about 120KDa. The encoded 

21 polypeptide can be separated into four domains: a 

22 cleavable signal seguence of 30 residues, an ectodomain 
2 3 (external domain) of 69 7 residues, a hydrophobic 

2 4 transmembrane domain of 68 amino acids and an extensive 

25 endodomain (cytoplasmic region) of 109 amino acids (Cai 

26 et al . , 1988)- The cytoplasmic domain is reported to 

27 have a role in cell-cell fusion and this is supported 

2 8 by the mapping of syn mutations to this region (Bond et 

29 al., 1982; Gage et al . , 1993)- The biologically active 

30 form of gB is an oligcftfter . Two discontinuous sites for 

31 oligomer formation have been characterised, a 

3 2 non-essential region in ttxe Nonterminal portion of the 

33 mature polypeptide and an essential site proximal to 

34 the membrane-spanning domain (Highlander et al., 1991; 

35 La Querre et al . , 1996). Defective forms of gB, which 
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1 retain the ability to form hetero-oligomers , inhibit 

2 complementation of gB null mutants by the wild-type gB 

3 molecule and thus exhibit negative transdominance (Cai 

4 et al . , 1988). Among the mutants which display this 

5 property are Oterminally truncated forms which retain 

6 the transmembrane domain and the regions required for 

7 oligoraerisation but lack the cytoplasmic tail. 
8 

9 Following treatment of virus particles with a cross- 

10 linking reagent, four structured proteins, which were 

11 not present on the virus envelope, were co-precipitated 

12 with gB using a gB-specific polyclonal antiserum (Zhu 

13 and Courtney, 1994); this suggested that, in the virus 

14 particle, gB is in close proximity to these proteins. 

15 One of these proteins was immunologically characterised 

16 to be VP16, two were tentatively identified as VP11/12 

17 (encoded by gene UL46) and VP13/14 (encoded by gene 

18 UL47) and the fourth was not classified but did have 

19 the same apparent molecular weight as VP22. From the 

20 topography of gB, it is reasonable to speculate that 

21 the cytoplasmic domain of the protein may interact with 

22 tegument proteins underlying the envelope. Blocking 

23 any interaction of the C-terminal domain of gB with 

24 tegument proteins may inhibit incorporation of the 

25 protein into virions, thus generating virus with either 
2 6 no or reduced infectivity. This could be achieved 

27 through binding of a peptide or a peptide derivative to 

28 the intracellular domain of wild type gB . 
29 

30 Recent, studies have shown that VP16 and VP22 also 

31 interact (Elliott et al . , 1995). This interaction is 

32 detected in infected cells by imntuxioprecipitation of 

33 the complex by a VP16-*specif ic antibody- Interestingly, 

34 co-expression of VP16 and VP22 in transfected cells, in 

35 the absence of other HSV proteins, leads to 
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1 relocalisation of both proteins to novel spherical 

2 structures termed tegument bodies. Experiments with 

3 baculovirus recombinants expressing these proteins have 

4 revealed that indistinguishable structures are produced 

5 in insect cells (J. McLauchlan and F. J. Rixon, 

6 unpublished data). Thus, tegument bodies are likely to 

7 result from the interaction between VP16 and VP22. 
8 

9 In addition to the formation of virus particles, 

10 tegument proteins also have a role during the initial 

11 stages of infection. Hence, inhibiting the function of 

12 tegument proteins has the potential for disabling the 

13 infectious process both during virus assembly and at 

14 some other stage of infection. 
15 

16 The action of VP16 requires intimate involvement with 

17 other proteins and thus the complex formed with VP22 

18 could be crucial to either or both of the functions 

19 assigned to VP16. The region of VP16 which is involved 

20 in this interaction is at the C-terminus of the protein 

21 and this is the domain that has a role in activating 

22 the IE viral genes. 
23 

24 gB, VP16 and VP22 have been described previously in the 

25 literature, McGeoch et al. (1988) disclosed the whole 
2 6 nucleotide sequence and the predicted amino acid 

2 7 sequences of HSV-1 strain 17 including genes UL2 7, UL4 8 

2 8 and UL4 9 which encode gB, VP16 and VP22 respectively. 

29 All 3 genes are leftward orientated on the prototype 

30 o r i^ti&a&laix of the virus g enom e. 
31 

32 The nucleotide sequence of HSV-1 strain. 17 t containing 

33 the full coding: sequences of gB> VP 16 and VP 22, is 

34 available front publically accessible databases under 
35. Accession Number XI 41 12. 
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1 The construction of clones of gB, VP16 and VP22 

2 nucleotide coding sequences is well within the scope of 

3 abilities of the skilled man, and such coding sequences 

4 could be generated de-novo by DNA synthesis or derived 

5 from publically accessible clones by established PCR 

6 techniques . 
7 

8 The present example describes interactions which occur 

9 between gB and VP22 and between VP 16 and VP2 2 . Using 

10 truncated forms of these proteins which have been 

11 expressed in bacteria, the regions involved in the 

12 interactions have been located to the C-terminal 107 

13 residues of gB (the endodomain of the protein), a 109 

14 residue region of VP22 encoded by nucleotides 105590 to 

15 105919 of HSV-1 (hereafter termed the C-proximal region 

16 of VP22) and the N-terminal 412 residues of VP16. 

17 Association between VP22 and gB had not been 

18 established previously. 
19 

20 As is further described in the examples, synthetic 

21 peptides (A to J; Table 1) have been tested for their 

22 ability to interfere with the association between VP22 

23 and VP16 or between VP22 and gB and suitable assays 

24 have been developed. We have found that peptides D and 

25 E prevent association of VP22 and VP16 and also prevent 

26 association of VP22 and gB . A further peptide, peptide 

27 H, is capable of binding to VP16, but whilst it does 

28 not prevent interaction with VP22, peptide H does 

2 9 inhibit VP22/gB assoc ia t iau - One explanatiaiL at this 

20 observation is the presence of two sites on VP22 where 

31 VP 16 and gB may interact. A combination of antiviral 

32 agents able to disrupt association at these two 

33 putative sites could be advantageous* 
34 
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1 According to the present invention there is provided an 

2 antiviral agent capable of combatting maturation and/or 

3 replication of a herpesvirus by disrupting association 

4 of VP22 with VP16 and/or gB. 
5 

6 A suitable agent would be the highly conserved 

7 oligopeptide TPRVAGFNKRVFCAAVGRLAAMHARMAAVQLW (encoded 

8 from nucleotides 105728 to 105823 on the HSV-1 genome 

9 corresponding to the gene UL49), or a portion or 

10 functional equivalent thereof. In particular , the 

11 oligopeptides TPRVAGFNKRVFCAAVGRLA (peptide D) and 

12 CAAVGRLAAMHARMAAVQLW (peptide E) have been found to 

13 prevent association of VP22 with VP16 and/or VP22 with 

14 gB. 
15 

16 A second suitable agent would be the oligopeptide 

17 ITTIRVTVCEGKNL.LQRANE (encoded from nucleotides 1056 21 

18 to 105680 on the HSV-1 genome corresponding to the gene 

19 UL49), or a portion or functional equivalent thereof. 

20 This oligopeptide (peptide H) has been found to bind to 

21 VP16 and to prevent association of VP22 with gB. 
22 

23 The portion of VP22 identified above has been predicted 

24 to comprise a helix. It is possible that the secondary 

25 structure is of equal or greater importance for the 

26 binding to VP16 and gB than the precise nucleotide or 

27 amino acid sequence. The present invention thus 

28 encompasses variants or mutations of the above VP22 

29 domain which have no substantial effect on the binding 

30 function. 
31 

32 The anti-viral agent may be a peptide (for example f the 

33 peptides indicated above} or a peptidomimetic compound 

34 which would be resistant to enzymic breakdown by 

35 peptidases. Pept idomimetic compounds of peptides A-H 
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1 (especially peptides D, E and H) form part of the 

2 invention. 
3 

4 The antiviral agent can preferably prevent either 

5 assembly of infectious virus particles or the 

6 activation of virus genes or the infectivity of progeny 

7 virus. The most widely used conventional anti-HSV 

8 compound, and much of the current development of other 

9 therapies, relies on the interruption of DNA 

10 replication to block virus growth. Compounds which are 

11 active at other stages of the virus growth cycle have 

12 the potential to act in concert with, or independently 

13 from, conventional therapies. In addition, since 

14 homologues of the genes encoding gB, VP16 and VP22 are 

15 present in other a-herpesviruses , anti-HSV compounds 

16 could be effective against or further developed for 

17 treatment of other conditions such as chickenpox or 

18 shingles caused by VZV. 
19 

20 The anti-viral agent may be a peptide, either synthetic 

21 or derived wholly or partially from a natural protein. 

22 Suitable anti-viral compounds include peptides having 

23 an amino acid sequence derived from VP22 (especially 

24 the C-proximal region of VP22) or a functional 

25 equivalent of such a peptide, Peptidomimetic compounds 

26 therefor may be suitable anti-viral agents. The agent 

27 preferably binds to at least a portion of either gB or 

28 the VP16 C-terminus. 
29 

30 In a furtiier* aspect, the present invention provides an 

31 assay to determine the ability of a test substance to 

32 interfere with the association of VP16 and VP22 or with 

33 the association of gB and VP22. The assay comprises 

34 the following steps: 
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1 i) providing a first viral component; 
2 

3 ii) exposing said first viral component to a test 

4 substance followed by a second viral component, or 

5 exposing said first viral component to a second 

6 viral component followed by a test substance; 
7 

8 iii) washing to remove any second viral component 

9 and/or test substance not associated with the 

10 first viral component; and 

11 ■ 

12 iv) detecting the presence, and optionally determining 

13 the amount, of second viral compound associated 

14 with said first viral component, 
15 

16 The first or second viral components may be localised 

17 on a surface, such as a blotting membrane, or an assay 

18 plate for EL ISA etc. Preferably the first viral 

19 component is immobilised in such a manner, although the 

20 invention contemplates the possibility of the assay 

21 being carried out in solution. 
22 

23 The first viral component may be gB, VP16 or VP22 . 

24 Where the first viral component is either gB or VP16, 

25 the second viral component will be VP22. Where the 

26 first viral component is VP22, the second viral 

27 component will be either VP 16 or gB. 
28 

29 Detection of the presence and/or amount of second viral 

3Q component associated v*xth tiie first, viral component may 

31 be conducted by any convenient: means. Gerrerrally 

32 detection may be via an antibody (preferably 

33 monoclonal) , the presence of which can be established 

34 by exposure to a second labelled antibody (again 

35 preferably monoclonal) in a typical ELISA-style assay, 
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1 although direct labelling of the first antibody (or 

2 even one of the viral components) is possible. 
3 

4 The invention also provides a method of combatting 

5 viral maturation and/or replication of a herpesvirus, 

6 the method comprising providing an agent capable of 

7 interfering with the interaction of gB and/or VP16 with 

8 VP2 2. 
9 

10 The invention also provides the use of an agent capable 

11 of interfering with VP16/VP22 association or with 

12 gB/VP22 association for combatting herpesvirus 

13 infection, replication or maturation, and for the 

14 manufacture of a medicament for combatting herpesvirus 

15 infection, replication or maturation. 
16 

17 FIGURE LEGENDS 
18 

19 Figure 1 (A) Relevant features of the pYS360 

20 construct. The map shows the locations of the T7 

21 promoter and terminator sequences which control 

22 expression of VP22trunc. The order of the elements 

23 which comprise VP2 2trunc is shown and Kan represents 

24 the position of the kanamycin resistance gene. 

25 (B) The predicted sequence of VP2 2trunc. 

26 The regions of the polypeptide that are not derived 

27 from VP22 but which contain the histidine and epitope 

28 tag motifs are underlined. The sequence is given in 

29 SEQ ID No 3. 
30 

31 Figure 2 Molecular weight determination of VP22trunc 

32 by FPLC. 200^1 of VP22trunc at a concentration of 

33 0.5mg/ml was applied to a Superdex 75 10/30 column. 

34 The column was run at a flow rate of lml/min. The 

35 point at which the sample was applied to the column is 
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1 arrowed. Proteins were detected by absorption at 

2 280nm. The molecular weight of VP22 was determined by 

3 comparison with the relative mobilities of marker 

4 proteins of known sizes. These were: lysozyme ( 14KDa ) , 

5 trypsin (24KDa), carbonic anhydrase (29KDa) / pepsin 

6 (35KDa) and BSA (66KDa). 
7 

8 Figure 3 Quantitative analysis of purified GST-gB 

9 fusion protein. Proteins were separated on a 12% 

10 polyacrylamide gel and then stained with Coomassie 

11 Brilliant blue. Samples were as follows: lane 1, lO^ig 

12 of BSA; lane 2, 5\xg of BSA; lane 3, 2 . 5*ig of BSA; lane 

13 4, 1.25mcj of BSA; lane 5, molecular weight markers; 

14 lane 6, 10\xl of purified GST-gB; lane 7, 5*il of 

15 purified GST-gB; lane 8 f 10|il of purified GST; lane 9, 

16 5^1 of purified GST. The sizes of polypeptides (in 

17 KDa) are indicated. 
18 

19 Figure 4 Co-elution of VP16 with VP22trunc from Ni-NTA 

20 resin. Partially purified extract containing VP16 was 

21 incubated in the absence of (lane 14) or presence of 

22 10ng of VP22trunc (lanes 3 to 13). In lanes 3 to 12, 

23 an equal volume of the individual peptides at 2mg/ml 

24 was added to the extract prior to VP22trunc. Peptides 

25 added to each reaction were as follows: lane 3, peptide 

26 A; lane 4, peptide B; lane 5, peptide C; lane 6, 

27 peptide D; lane 7, peptide E; lane 8, peptide F; lane 

28 9, peptide G; lane 10, peptide H; lane 11 , peptide I; 

29 lane 12 , peptide J; lane 13 , no peptide. Lanes 3 to 14 

30 show the polypeptides elufced from Ni-BTEA resin. Other 

31 samples were as follows: lane 1, partially purified 

32 VP16 extract, lane 2, purified VPL6; lane 15 , purified 

33 VP 2 2t rune. Samples were eLectrophoresed on a 12% 

34 polyacrylamide gel and the apparent molecular weights 

35 of VP16 ( 65'KDa ) and VP22trunc ( 16 KDa) are shown. 
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1 Figure 5 Far Western blot analysis of VP16 binding to 

2 VP2 2. 

3 (A) Binding of VP16 to immobilised VP22trunc. Purified 

4 VP22trunc was added to partially purified VP16 extract . 

5 and the sample was run on a 12% polyacrylamide gel. 

6 Proteins were then transferred to nitrocellulose 

7 membrane and the blot, was cut into strips, with each 

8 strip containing at least 2\xq of VP22trunc. Strips 

9 were incubated with no protein (lane 1), 2*ig of 

10 purified VP16 (lane 2) or 2*ig of purified VP16trunc 

11 (lane 3); bound VP16 was detected by antibody LP1 

12 (1:1000 dilution). In lane 4 , the membrane was 

13 incubated with the 9220 antibody (1:1000). The 

14 apparent molecular weights of VP16 (65KDa) and trimer 

15 (48KDa), dimer (32KDa) and monomer (16KDa) forms of 

16 VP22trunc are shown. 

17 (B) Binding of VP16 to truncated forms of VP22 

18 expressed in bacteria. Samples were electrophoresed on 

19 a 12% polyacrylamide gel and then proteins were 

20 transferred to nitro-cellulose membrane. Samples were 

21 as follows: lane 1, uninduced extract of VP22/ 172-259 ; 

22 lanes 2 and 6 VP22/159-301; lane 3 , VP22/ 159-301mut ; 

23 lanes 4 and 7, VP22trunc; lanes 5 and 9 VP2 2 / 172-259 ; 

24 lane 8, VP22/ 159-259 . Lanes 2 to 5 contain crude 

25 extracts in which expression has been induced. Lanes 6 

26 to 9 contain proteins purified on Ni-NTA resin. The 

27 blot was incubated with VP16 ( 2mg/ml ) f followed by LP1 

28 antibody (1:1000 dilution). The apparent molecular 

29 weights (in KDa) of tJie t^ujaaated forms of VP22trunc 

30 are shown. 
31 

32 Figure 6 ELISA of VP16 binding to VP22trunc. 

33 Microtitre wells were coated with a range of quantities 

34 of VP22trunc in duplicate (Ong, 20ng, 40ng, 80ng, 160ng 

35 and 320ng) . After blocking, VP16 was added at various 
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concentrations and then detected with LP1 antibody at a 
1:1000 dilution. The legend for the concentrations of 
VP16 added is shown to the right of the graph. Data 
points were determined by calculating the average value 
of duplicates. The data point obtained with the 
concentrations of VP22 and VP16 which were used in 
subsequent ELISA tests is arrowed. 

Figure 7 Far Western analysis of the ability of 
peptides to block the interaction between VP 16 and 
immobilised VP22trunc. Purified VP22trunc was added to 
partially purified extract of VP16 and the sample run 
on a 12% polyacrylamide gel. Proteins were then 
transferred to nitrocellulose membrane and the blot was 
cut into strips , with each strip containing 
approximately l^g of VP22trunc. In (A) , strips were 
pre-incubated with lmg of each of the following 
peptides: lane 2, no peptide, lane 3, peptide C; lane 
4, peptide D; lane 5, peptide E; lane 6, peptide F; 
lane 7, peptides D and E; lane 8, peptides C and F. In 
(B) strips were pre-incubated with lmg of each of the 
following peptides: lane 2, no peptide, lane 3, peptide 
C; lane 4, purified peptide D; lane 5, purified peptide 
E; lane 6, peptide F. 2*ig of pure VP16 was then added 
to strips 2 to 8 in (A) and strips 2 to 6 in (B), 
followed by incubation with LP1 antibody (1:1000 
dilution). As a control, portions of the blot were 
incubated with LP1 or the 9220 antibody at a dilution 
of 1:1000 (lane 1 for LP1 in A and B; lane 9 in A and 
lane 7 in B for 9220) • The apparent molecular weights 
of VP 16 ( 6 SKDa ) and the dimer ( 32KDa) and monomer 
(16KDa) forms of VP22trunc are shown. 

Figure 8 Blocking of the interaction between VP 16 and 
full length VP 22 by pure peptides D and E. A vUL49ep 
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1 L-particle extract was run on a 10% polyacrylamide gel 

2 and the proteins transferred to a nitrocellulose 

3 membrane. The blot was cut into strips, with each 

4 strip containing the equivalent of approximately 3 x 10 9 

5 L-particles . Strips were pre-incubated with 1 mg of 

6 each of the following peptides: lane 2, no peptide; 

7 lane 3, peptide C; lane 4, peptide D; lane 5, peptide 

8 E. 2ng of pure VP 16 was then added to each incubation 

9 and bound VP16 was detected by LP1 antibody. Two 

10 strips were incubated with either LP1 (lane 1) or 9220 

11 antibody (lane 6), each at a dilution of 1:1000. The 

12 apparent molecular weights of VP16 (65 KDa ) and tagged 

13 VP22 (40 KDa) are shown. 
14 

15 Figure 9 Inhibitory effect of peptides D and E on the 

16 VP22trunc-VP16 interaction in ELISAs. Microtitre 

17 plates were coated with 160ng of VP22trunc and blocked 

18 with PBS/10% NCS . Before addition to the wells, five- 

19 fold dilutions of the peptides, ranging from SOOpg/ml 

20 to lug/ml, were incubated with VP16 (1.6ng/ml). Bound 

21 VP16 was detected with LP1 at a dilution of 1:1000. 

22 The legend for the peptides added is shown to the right 
2 3 of the graph. Values are shown relative to those 

24 obtained in the absence of the peptide. 
25 

26 Figure 10 Binding of VP16 to peptides. Microtitre 

27 plates were coated with 5-fold dilutions of peptides 

28 ranging from 500*ig/ml to l^ig/ml and blocked with 

29 PBS/ 10% NCS. VP16 was then added to a final 

30 concentration of 1.6 ^g/ml and detected with LP1 . The 

31 legend for the peptides added is shown to the right of 

32 the graph. 
33 

34 Figure 11 Far Western blot analysis of GST-gB binding 

35 to purified HSV-1 virions and L-particles. Virus 
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1 particles (approximately 3 x 10 9 particles per sample) 

2 were electrophoresed on a 15% polyacrylamide gel and 

3 blotted on to Problott membrane. Portions of the 

4 membrane were incubated with either purified GST-gB 

5 (lanes 1, 3 and 4) or GST (lane 2 ) at a final 

6 concentration of 1.2 ng/ml . Bound protein was detected 

7 with anti-GST antibody. Samples were as follows: lanes 

8 1 and 2, HSV-1 strain F virions; lane 3, vUL49ep 

9 L-particles; lane 4, vUL49A268-301 L-particles. The 
10 apparent molecular weights of proteins are indicated. 
11 

12 Figure 12 Far Western blot analysis of the interaction 

13 between GST-gB and VP22trunc. Purified VP22trunc was 

14 electrophoresed on a 15% polyacrylamide gel. Proteins 

15 were transferred to PVDF membrane and the blot was cut 

16 into strips, with each strip containing approximately 

17 l-2ng of VP22trunc. 
18 

19 (A) Binding of GST-gB to VP22trunc. Strips were 

20 incubated with either purified GST-gB (lane 1) or GST 

21 (lane 2 ) at a final concentration of 1.2jjig/ml and the 

22 bound protein was detected with anti-GST antibody. In 
2 3 lane 3, the membrane was incubated with 92 20 antibody. 
24 

25 (B) Inhibition of binding of GST-gB (final 

26 concentration 1 . 2^ig/ml ) and each of the following 

27 peptides at a final concentration of 250ng/ml: lane 1, 
2 8 no peptide; lane 2, peptide A; lane 3, peptide B; lane 
29 4, peptide C; lane 5, peptide D; lane 6, peptide E; 

3Q lane 7 r peptide F; lane 8v peptide Gj lane 9, peptide 

31 H; lane 10 f peptide I; lane II,.. peptide J. Bound GST* 

32 gB was detected with anti-GST antibody. 
33 
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The apparent molecular weights of VP22trunc ( 1 6KDa ) and 
non-specific species detected by GST-gB (65KDa and 
25KDa) are shown. 



Nucleotide and predicted amino acid 
sequence of the UL49 gene which 
encodes VP22 (McGeoch et al . , 1988) 

Predicted amino acid sequence from 
SEQ ID No 1 

Predicted sequence of VP22trunc 
Peptide A 
Peptide B 
Peptide C 
Peptide D 
Peptide E 
Peptide F 
Peptide G 
Peptide H 
Peptide I 
Peptide J 



The present invention will now be described by way of 
example with reference to the accompanying figures and 
to the following examples. 

EXAMPLES 

METHODS 
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Maintenance of Cells 

BHK C13 cells were 
Eagle T s medium su; 
broth and 10% newborn 



Growth of Viruses . 

in Glasgow modified 
with 10% tryptose phosphate 
If serum. 
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1 The virus strains used in this study were HSV-1 wild- 

2 type strains 17 (Brown et al . , 1973) and strain F 

3 (Ejercito et al . , 1968), vUL49ep (Leslie et al., 1996) 

4 and VUL49A268-301 (Leslie, 1996). For growth of virus, 

5 BHK cells were infected at a multiplicity of infection 

6 (m.o.i.) of 1/300 PFU per cell. Following infection at 

7 31 °C for 4 days, the virus was harvested and virions 

8 and L-particles were purified on 5-15% Ficoll gradients 

9 as described by Szilagyi and Cunningham (1991). 
10 

11 Plasmids . 

12 (i) VP22 constructs. The parent plasmid for the 

13 ■ constructs which expressed the truncated forms of VP22 

14 was pET28a ( Novagen ) . This plasmid contains T7 RNA 

15 polymerase promoter and terminator sequences. These 

16 transcription control regions flank sequences which 

17 encode an ATG initiation codon followed by a translated 

18 region that encodes a stretch of 6 histidine residues . 

19 Downstream from the sequences are unique restriction 

20 enzyme sites (Ndel and Nhel) which are used for cloning 

21 purposes. pET28a also contains the LacI gene to 

22 repress expression under non-inducing conditions and 

23 the kanamycin resistance gene for antibiotic 

24 resistance. 
25 

26 Plasmid pYS360 (Fig 1A) was constructed by inserting a 

27 380bp Hindi DNA fragment from another plasmid pUL49A 

28 268-301 (Leslie, 1996) into the Nhel site of pET28a. 

29 This fragment consists of nucleotides 521 to 845 of the 

30 UL4 9 gene (SEQ ID No 1) with an oligonucleotide 

31 inserted at position 845 that encodes epitope tag 

32 sequences derived from the human cytomegalovirus UL8 3 

33 gene (McLauchlan et ai. , 199*) . Plasmid pVP2 2/ 159-259 

34 was made by cleaving pTS360 v*ith Bs-sHTI (position 803 
3.5 in the UL49 sequence, SEQ ID No 1) and BamHI (a site 
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1 which lies immediately upstream of the T7 terminator) 

2 and replacing the fragment with an oligonucleotide 

3 which specifies amino acid residues 254 to 259 

4 immediately followed by a trans lational stop codon. 

5 Plasmid pVP22/ 172-259 was constructed by cleaving 

6 pVP22/159-259 with MscI (position 561 in SEQ ID No 1) 

7 and Ndel, filling in the overhanging 5' termini and 

8 ligation. Plasmids pVP22/159-301 and pVP22/159-301mut 

9 were made by inserting 460bp MscI/EagI DNA fragments 

10 from pUL49ep (Leslie et al . , 1996) and pUL49insl94 

11 (Leslie, 1996) respectively into pYS360 which had been 

12 cleaved with MscI and NotI . Insertion of these 

13 fragments extended the region of VP22 expressed to the 

14 end of the open reading frame (amino acid 301). In 

15 both constructs, the HCMV UL83 epitope tag was present 

16 following the VP22 sequences. pVP22/ 159-301mut also 

17 contained an oligonucleotide which encoded 4 amino acid 

18 residues that were inserted at the codon specifying 

19 amino acid 194 (nucleotide position 626, SEQ ID No 1; 

20 Leslie, 1996 ) . 
21 

22 (ii) VP16 constructs, Plasmid pETVP16 was used to 

23 express full-length VP16 under the control of the T7 

24 RNA polymerase promoter (Arnosti et al . , 1993). The 

25 truncated form of VP16 was expressed from a plasmid 

26 termed pETVP16trunc (a gift from Dr C. Preston). To 

27 construct pETVP16 trunc , a partially self -complementary 

28 oligonucleotide ( 5 ' GATCTAGTGAGAGCTCACTA-3 ' ) , yielding 

29 four overhanging bases at each end, was inserted into 

30 the unique BanrHT site in pMClAinI5-I7 . This plasmid 

31 lacks the VP 16 sequences between the linker insertion 

32 sites in pMClinl5 and pMClin!7 (Ace et al., 1988) with 

33 the BamHl site lying immediately after the codon 

34 specifying residue 412. The VP16 sequences were then 

35 introduced into plasmid pET8c to give pETVP16trunc . 
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1 (iii) GST-gB construct.. The parent plasmid used to 

2 express the cytoplasmic tail of gB was pGex2TNMCR (a 

3 gift from Dr R Everett; Meredith et al . , 1994) which is 

4 a derivative of a commercially available construct 

5 pGex2T (Pharmacia). To construct pGex2TN.gB a 

6 Maell/Msel DNA fragment (encompassing residues 53404 to 

7 53044 on the HSV-1 genome; McGeoch et al., 1988) from 

8 plasmid pGX135 (consists of the HSV-1 Kpnl n fragment 

9 in vector pAT15 3) was inserted into the Smal site of 

10 pGex2TNMCR. Insertion of this fragment at the Smal 

11 site linked residues 798 to 904 of gB to the 

12 glutathione-S-transf erase (GST) protein expressed by 

13 pGex2TNMCR. . 
14 

15 Antibodies. 

16 The mouse monoclonal antibody 9 2 20 (DuPont Ltd, UK) 

17 recognises a 10 amino acid epitope derived from the 

18 HCMV UL8 3 gene product, which was used to tag VP22 

19 sequences. For detection of VP16, the mouse monoclonal 

20 antibody LP1 (a gift from A. Minson; McLean et al . , 

21 1982) was used. The GST-gB fusion protein was detected 
2 2 using the IgG fraction of rabbit antiserum raised 

23 against glutathione-S- trans f erase (Sigma). Unless 

24 otherwise stated, all antibodies were used at dilutions 

25 of 1:1000. 
26 

27 Bacterial Strains. 

28 The VP16 and VP22 proteins were made in E . col i strain 

29 BL21(DE3). The bacterial strain used to produce GST-gB 

30 was E . coli strain DRUkr. 
31 

32 Production and Purification of Truncated Forms of 

33 Hi^tic^na-Taog^d VP 22 . 

34 BI*21( D£3) cells containing, the relevant plasmid DNA 

35 were grown overnight in lOml of YT medium containing 
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1 SO^ig/ml kanamycin. This culture was transferred to 1 

2 litre of YT medium and grown for 3 hours at 37 °C. To 

3 induce protein expression, the culture was put on ice 

4 for 3-5 minutes, IPTG was added to a final 

5 concentration of SO^tM and the culture was incubated 

6 overnight at 15 °C. Cells were spun. down at 4,000g for 

7 10 minutes and the pellet was resuspended in 30ml 

8 binding buffer (20mM Tris-HCl, pH 8,0, 500mM NaCI, 5mM 

9 imidazole) . The bacterial suspension was sonicated and 

10 centrifuged at 23,500g,for 20 minutes. The supernatant 

11 (called crude extract) containing the induced protein 

12 was retained for further purification. 
13 

14 Proteins containing the histidine tag were purified by 

15 binding to nickel nitrilotriacetic acid resin (Ni-NTA, 

16 Qiagen). Crude extract was added to resin which had 

17 been equilibrated with binding buffer and binding of 

18 the His-tagged VP22 to the resin occurred for 40 min at 

19 4°C. The resin was spun down at 800g for 5 minutes, 

20 washed four times (20 minutes per wash) in 50ml binding 

21 buffer and transferred to a column. To elute 

22 histidine-tagged proteins, resin was washed with 

23 solutions containing increasing concentrations of 

24 imidazole which competitively removes the bound 

25 proteins. Solutions containing 60mM imidazole, 

26 followed by lOOmM and 200mM imidazole in 20mM Tris-HCl, 
2 7 pH 8.0, 500mM NaCI were used. 1ml aliquots were 

2 8 collected and the amount of protein was determined by 

29 O.D. measurement at 280nm. Protein was dialysed 
aqauinst: 20xrtM Tiris-HCl , pH 8.0, 2S0wM NaCI and 

31 concentrated at 70*00-?. using Centuricon 10 

32 microconcentrators (Amicon) • 
33 

34 Production and Purification of VP 16 . 
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1 BL21(DE3) cells containing the relevant plasmid DNA 

2 were grown overnight in 10ml or 100ml YT medium 

3 containing 250 ng/ml ampicillin. These cultures were 

4 transferred to either 1 litre or 10 litres of YT medium 

5 and grown at 37 °C until the O.D. measured 0.5. To 

6 induce protein expression, IPTG was added to a final 

7 concentration of lmM and the culture was incubated for 

8 2 hours at 26°C. 
9 

10 For studies of the interaction of VP22trunc with VP16 

11 in solution, VP16 was partially purified from bacteria. 

12 Cells were spun down at 4 f 000g for 10 minutes and lysed 

13 by sonication in 50mM Tris-HCl, pH 8.2, lOOmM Na 2 S0 4 , 

14 lmM DTT, 10% glycerol, 0.1% CHAPS, lmM EDTA and lmM 

15 PMSF. The lysate was dialysed at 4°C against 50mM 

16 Tris-HCl, pH 8.2, lOOmM Na 2 SO A , lmM DTT, 10% glycerol, 

17 0.1% CHAPS, lmM EDTA and then clarified by 

18 centrifugation at 17,500g. Soluble VP16 protein was 

19 partially purified by ion-exchange FPLC on a Mono Q 

20 column (Pharmacia) using a NaCl gradient from 50mM to 

21 500mM. Fractions containing VP16 were identified by 

22 Western blot analysis using LP1 antibody. Peak 

23 fractions were dialysed against 20mM Tris-HCl, pH8.0 f 

24 250mM NaCl at 4°C and used thereafter without further 

25 purification. 
26 

27 For preparation of pure VP16 and truncated VP16 

28 (VP16trunc), bacteria were grown, induced and lysed as 

29 described above? however, the extracts were partially 
SQ p^ fr fiM by pxftGipitaufcxon with J0% w/v ammonium 

31 sulphate. Precipitated protein was res^uspended in SOntM 

32 MES ( 2- [N-morpho lino] ethane sulphonic acid), pH 6.5, 

33 5QmM NaCl, lOXhUM Ha^SP*, glycerol, 0.1% CHAPS and 

34 applied to a Mono S ion exchange column (Pharmacia). 

35 Protein was e luted by increasing the concentration of 



<WO 9804708A1 I > 



WO 98/04708 PCT/GB97/02036 

* » 

23 

1 NaCl. Fractions containing VP16 were identified and 

2 dialysed as described above. The purity of protein was 

3 assessed to be >95% based on Coomassie Brilliant blue 

4 staining of denaturing polyacry lamide gels. 
5 

6 Production and Purification of GST-gB. 

7 DHSct cells containing pGex2TN.gB plasmid were grown 

8 overnight at 37°C in YT broth containing lQOng/ml 

9 ampicillin. 6ml of overnight culture was used to seed 

10 a 500ml culture of YT broth and this was shaken at37°C 

11 for 4 hours. To induce expression of the fusion 

12 protein, IPTG was added to 0 . lmM and incubation at 37 °C 

13 was continued for 1 hour. 
14 

15 To prepare a crude extract, bacteria were pelleted by 

16 centrif ugation at 5,000g for 15 minutes and the pellet 

17 was resuspended in 12ml PBSA containing lmM PMSF and 

18 lmM EDTA. The resuspension was frozen at -20°C, thawed 

19 and then sonicated. The sonicated suspension was 

20 incubated on ice and Triton X-100 was added slowly to a 

21 final concentration of 1% over a period of 20 minutes. 

22 Insoluble material was removed by centrif ugation at 

23 10,000g for 10 minutes at 4°C and the supernatant, 

24 which was termed crude extract, was stored at -20°C. 
25 

26 For purification of GST-gB, a column of 

27 glutathione-agarose (Sigma), swollen and equilibrated 

28 in PBSA, was prepared and washed with 10 volumes of a 

29 solution of PBSA, 1% Triton X-100, lmM PMSF and lmM 

30 EDTA. Crude extract was passecf through the eoltrmrr 

31 which was then washed with 10 vols . of PBSA. Bound 

32 protein was eluted with 50mM reduced glutathione in 

33 400mM Tris-HCl f pH 8-0 and peak fractions containing 

34 GST-gB were stored at -20 °C- Prior to probing 

35 membranes in Far Western studies , fractions were pooled 
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1 and dialysed against PBSA containing a protease 

2 inhibitor cocktail (Boehringer) . 
3 

4 

5 Synthesis and Purification of Oligopeptides. 

6 Peptides were synthesised by continuous flow Fmoc 

7 chemistry (Atherton and Sheppard, 1989; McLean et al . , 

8 1991) and, where stated in the text, were purified by 

9 preparative reverse-phase HPLC (Owsianka et al., 1993). 

10 The Mr values of peptides were determined by fast atom 

11 bombardment mass spectrometry (M-Scan) and corresponded 

12 to the predicted values . Peptides were dissolved in 

13 20mM Tris-HCl, pH 8.0, 250mM NaCl and centrifuged at 

14 ll,500g for 1 minute prior to use. Precipitates were 

15 observed with peptides D, E, and G and these peptides 

16 were classified as partially insoluble (Table 1). 

17 Precipitates were removed by centrif ugation before use. 
18 

19 
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1 Co-purification of VP16 with VP22trunc on Ni-NTA Resin. 

2 Purified VP22trunc and a partially purified extract 

3 containing VP16, both in 20mM Tris-HCl, pH8 . 0 , 250 mM 

4 NaCl, were mixed at 4°C for 15 to 30 minutes on a 

5 rotator. 50\xl of equilibrated Ni-NTA resin was added 

6 to each mixture and incubation was continued at 4°C for 

7 a further 15 to 30 minutes. Resin was pelleted at 800g 

8 for 1 minute and the supernatant (non-bound fraction) 

9 was removed. Resin was washed sequentially with 0.5ml 

10 of 20mM Tris-HCl, pH 8.0, 250 mM NaCl, 5mM imidazole 

11 (twice) and 0.5ml of 20mM Tris-HCl, pH 8.0, 250mM NaCl, 

12 60mM imidazole (four times). Bound protein was eluted 

13 by addition of 50|il of boiling mix (160mM Tris-HCl, pH 

14 6.7, 2% SDS, 700mM /5-mercaptoethanol, 10% glycerol, 

15 0.002% bromophenol blue) followed by heating to 100 °C 

16 for 5 minutes. For peptide studies, peptides were 

17 dissolved in 20mM Tris-HCl, pH8.0, 250mM NaCl at a 

18 concentration of 2mg/ml. Incubation of peptides with 

19 partially purified VP16 extracts was performed at 

20 ambient temperature for 2 hours prior to the addition 

21 of VP2 2trunc. Samples were electrophoresed on 

22 denaturing polyacrylamide gels. 
23 
24 

25 Proteins were separated on gels containing 10%, 12% or 

26 15% acrylamide cross-linked with 2.5% (wt/wt) N , N ' 

27 methylene bis-acrylamide . Polymerisation was initiated 
2 8 by addition of 0.04% TEMED and 0.06% APS. Samples were 

29 heated to 100°C for 5 min in boiling mix prior to 

30 loading on the gel. ElectaropboiMSisr wars performed far 

31 approximately 1 honor at 120^X50 V ax* o v em igttt at 4*0 V 

32 using the buffer system of Laemmli (1970). Proteins 

33 were detected by staining with Cooraassie Brilliant blue 

34 far 20 minutes followed, by destaiflirtg, or were 

35 transferred to nitrocellulose membrane for further analysis . 
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1 Western Blot Analysis. 

2 Following electrophoresis proteins were 

3 electrotransf erred at 4°C to nitrocellulose membrane 

4 (Hybond ECL, Amersham) in blotting buffer (25mM Tris- 

5 HC1, pH 8.3, 192mM glycine, 20% methanol) for 5-6 hours 

6 at 50mA. The membrane was then blocked overnight in 

7 TBS (20mM Tris-HCl, pH 7.5, 500mM NaCl) containing 3% 

8 gelatin. This was followed by incubation with the 

9 appropriate antibody at a dilution of 1:1000 in TTBS 

10 (TBS containing 0.05% Tween 20) containing 1% gelatin 

11 for 1.5-2 hours. The membrane was washed extensively 

12 with TTBS and bound antibody was detected by goat anti- 

13 mouse antibody (Sigma) at a dilution of 1:1000 in TTBS, 

14 1% gelatin. After incubation for 1 hour with the 

15 secondary antibody, the membrane was washed with TTBS 

16 and incubated with enhanced chemiluminescence (ECL) 

17 buffer (Amersham) for 2 minutes then exposed to XS-1 

18 film (Kodak) . 
19 

20 Far Western Blot Analysis. 

21 Following electrophoresis, proteins were 

22 electrotransf erred to either Hybond or ProBlott 

23 (Applied Biosystems ) membrane and the membrane was 

24 incubated in renaturation buffer (50mM Tris-HCl, pH 

25 8.0, lSOmM NaCl, 10% glycerol, ImM DTT) at 4°C for 5-6 

26 hours. 
27 

28 For membranes probed with either VP16 or VP22trunc, 

29 blocking was performed overnight as described for 

30 Western blot analysis. Probing with epitope-tagged 

31 VP22 or VP16 was performed in ZOxaK Tris-HCl,. pH 8.0, 

32 250mM NaCl for 1.5 hours at ambient temperature . 

33 Excess probe was removed by washing 4 times (10 minutes 

34 per wash) in 20mM Tris-HCl, pH8.Q, 250mM NaCl, followed 

35 by incubation with the appropriate antibody at a 
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1 dilution of 1:1000 in TTBS/1% gelatin for 1.5-2 hours. 

2 Bound antibody was detected as described for Western 

3 blot analysis. 
4 

5 For membranes probed with GST-gB, blocking was 

6 performed overnight in PBSA containing 1% non-fat dried 

7 milk and 0.05% Tween 20 at 4°C. Membranes were then 

8 washed twice in renaturation buffer (10 min/wash) prior 

9 to incubation with fusion protein (final concentration 

10 0.5ng/ml) in renaturation buffer containing 1% BSA. 

11 Incubation was again performed overnight at 4°C. 

12 Following washing with renaturation buffer (four times, 

13 10 minutes/wash) and a brief rinse with blocking 

14 buffer, the membrane was incubated with anti-GST 

15 antibody in PBSA, 1% non-fat dried milk, 0.05% Tween 20 

16 and 1% BSA for 1 hour at ambient temperature. After 

17 four washes with PBSA, 0.05% Tween 20 

18 (10 minutes/wash), bound antibody was detected with 

19 secondary antibody (goat anti-rabbit IgG, whole 

20 molecule; Sigma) conjugated to Horse Radish Peroxidase 

21 (HRP) by incubating at room temperature for 4 5 minutes. 

22 Following four further washes with PBSA, 0.05% Tween 

23 20, the secondary antibody was visualised by enhanced 

24 chemiluminescence . 
25 

26 Fast Protein Liquid Chromatography (FPLC) . 

27 The sizes of proteins were determined on a Superdex 75 

28 10/30 column (bed volume 24ml; Pharmacia) which was 

29 equilibrated with 20mM Tris-HCl, pH 8-0, 500mM NaCl, 5% 

30 glycerol, ImM DTT. Protein samples, containing- 

31 approximately 0 . l-0-2iitfg prot»in r were applied to the 

32 system in a volume of 200^1. The samples were passed 

33 through, the column at a flow rate of 1ml /minute and 

34 protein was detected at 28Gnnw Samples were collected 

35 in 0.2ml fractions fair further analysis. 
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1 Enzyme-Linked Immunosorbent: Assays (ELISA) . 

2 Dilutions of proteins in PBS were coated overnight onto 

3 flat bottomed micro-titre plates (Dynatech) at 37 °C and 

4 then blocked with either 2% BSA or 10% new-born calf 

5 serum (NCS) in PBS for 1 hour at 37°C. Specific 

6 binding of a second protein to the plate-bound protein 

7 was performed for 1.5-2 hours at ambient temperature. 

8 Excess secondary protein was removed by washing four 

9 times with PBS , 0.3% Tween 20. Bound protein was 

10 detected by incubation for 1.5-2 hours with LP1 

11 antibody in PBS, 1% gelatin or PBS, 2% NCS. The bound 

12 antibody was detected by incubation for 1 hour at 

13 ambient temperature with anti-mouse antibody conjugated 

14 to HRP (1:500) and visualised with 5mg/ml enzyme 

15 substrate 2 , 2 ? -azino-bis ( 3-ethylbenzthiazoline-6- 

16 - sulphonic acid) (ABTS; Sigma) in citrate-phosphate 

17 buffer containing 6jil hydrogen peroxide in a total 

18 volume of 2 0ml. Optical densities were measured on a 

19 Titertek Multiscan PLUS instrument. 
20 

2 1 RESULTS 
2 2 

2 3 1. Purification and Characteristics of Proteins 
2 4 Expressed in Bacteria 

2 5 (i) The Truncated Forms of VP22. Previous results had 

26 shown that VP16 and VP22 interact in HSV- 1-inf ected 

27 cells (Elliott et al - , 1995). This interaction was 

2 8 reproduced ' in biochemical studies in which In vitro- 

2 9 translated VP22 was co-purified au ^lutatJxiaae- 

30 Sepharase beads using a glutathione-S-transf erase-VP16 

31 fusion protein that had been expressed in barter! a. To 

32 further characterise the region within VP22 to which 

33 VP16 bound, a truncated form of VP22, termed VP22trunc, 

34 which contained residues 159-267 of the protein was 

35 expressed in bacteria- For purification and detection 
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1 purposes, this segment of protein was flanked at the N- 

2 terminus with a stretch of 22 amino acids which 

3 contained 6 consecutive histidine residues and at the 

4 C-terminus by 13 amino acids that constituted an 

5 epitope tag derived from the human cytomegalovirus 

6 (HCMV) pp65 protein (Fig. IB: SEQ ID No 3); the 

7 histidine residues allowed purification of the protein 

8 on Ni-NTA resin and the epitope tag could be recognised 

9 by a monoclonal antibody termed 9220. This expression 

10 system yielded approximately 5-8mg of protein per litre 

11 of bacterial culture. From analysis of the proteins 

12 eluted from Ni-NTA resin at different concentrations of 

13 imidazole, effectively pure, soluble protein (>95% as 

14 determined by Coomassie Brilliant blue staining of 

15 polyacrylamide gels) was obtained by elution with 

16 buffer containing lOOmM imidazole. The authenticity of 

17 VP22trunc was determined by Western blot analysis using 

18 antibody 9220 (Fig. 5A, Lane 4) and by mass 

19 spectrometry (data not shown) . Analysis of the 

20 molecular weight of native VP22trunc by size exclusion 

21 chromatography showed that approximately 7 0% of the 

22 protein made in bacteria was 3 3KDa with the remaining 

23 30% having a higher molecular weight (Fig. 2). Thus, 

24 most of the VP22 has a molecular weight that 

25 corresponds exactly to twice the predicted size of 

26 monomeric protein and it was concluded that this 33KDa 

27 species was a dimer . The higher molecular weight 

28 material is considered to be a mixture of oligomeric 

29 forms of VP22trunc . 
10 

31 In addition to VP22trunc f four other truncated" forms of 

32 VP22 were produced in bacteria (Table 2)- The 

33 constructs which permitted synthesis of these 

34 polypeptides are described in Methods. Each protein 

35 was purified using identical expression and 
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purification methods as for VP22trunc. The only 
changes in characteristics observed were with VP22/159- 
259 and VP22/172-259 which eluted more efficiently from 
Ni-NTA resin in buffer containing 200mM imidazole, and 
yields of VP22/ 172-259 were much lower, probably due to 
difficulties with solubility. 

Table 2 

Features of the truncated forms of VP22 expressed in 
bacteria 



VP22 

Polypeptide 


Mol.Wt . ( KDa ) 

• 


Residues 
Expressed 


Tag 

Attached to 
Protein 


VP22trunc 


16 


159-267 


HCMV a + 
histidine 


VP22159-301 


20 


159-301 


HCMV a + 
histidine 


VP22159-301mut 


20.5 


159-301 (4 
amino acid 
insertion at 
194 ) 


HCMV a + 
histidine 


VP22159-259 


14 


159-259 


histidine 


VP22172-259 


12 


172-259 


histidine 



a denotes the HCMV epitope tag 



8 (ii) VP16 - Two forms of VP16 were produced for studies 

9> on interactxoxts with VP22. The first of these was 

10 full-length VP 16 which was prepared in both partially 

11 purified and fully purified states (see Methods). 

12 Purified VP16 was shown to be authentic by Western blot 

13 analysis with monoclonal antibody LP1 (Fig 5A, lane 1). 

14 In partially purified extracts, VP16 could be 
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1 identified as a 65 KDa species on Coomassie Brilliant 

2 blue-stained polyacrylamide gels (Fig 4, lane 2). The 

3 truncated form of VP16, VPl6trunc was produced from 

4 plasmid pETVP16trunc in which the sequences encoding 

5 residues 413 to 490 are not expressed. This VP16 

6 product was purified to homogeneity in the same way as 

7 full length VP16 and was recognised by LP1 antibody 

8 (data not shown) . 
9 

10 (iii) GST-gB. The C-terminal amino acids of gB 

11 represent a charged domain of protein which is located 

12 internally in the virus particle and hence may interact 

13 with tegument proteins underlying the virus envelope. 

14 To examine possible interactions with tegument 

15 proteins, and for purification and detection purposes, 

16 these residues were linked to the GST protein which has 

17 a size of 2 6KDa . Thus, the predicted size of the 

18 fusion protein was about 37KDa. Following purification 

19 on glutathione-agarose beads, two polypeptides with 

20 apparent molecular weights of about 35KDa and 28KDa 

21 were detected (Fig 3, lanes 6 and 7); the upper species 

22 approximates to the predicted size for the GST-gB 

23 fusion protein while the lower band has an identical 

24 apparent molecular weight to GST protein (lanes 8 

25 and 9). To further verify that the jJSKDa species was 

26 the fusion polypeptide, Western blot analysis showed 

27 that anti-GST antibody recognised this protein (data 

28 not shown). Furthermore, the nucleotide sequence of 

29 the region containing gB sequences in pGex2TN . gB was 

30 determined- This reveaied no nucleotide changes- as 

31 compared to the published, sequence and verified that 

32 the gB sequences were in the same open reading frame as 

33 those for the GST gene. Therefore, it was concluded 

34 that the 35KDa and ZSXDa s-pecies were the GST-*gB fusion 

35 product and the GST protein respectively. It was 
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1 assumed that the latter product was generated by 

2 proteolytic cleavage of the fusion protein between the 

3 GST and gB domains which may have occurred during 

4 synthesis in bacteria. This is a consistent feature 

5 found in systems over-expressing GST fusion proteins. 

6 Both species were routinely found in purified 

7 preparations of the fusion protein and the relative 

8 proportions of each were 1:1. The concentration of 

9 GST-gB in this preparation, which was used in the 

10 experiments presented in Section 4, was about 250ng/ml 

11 based on comparison with standard amounts of BSA 

12 protein (Fig 3, lanes 1-4). 
13 

14 2 In Vitro Analysis of the Interaction Between VP16 

15 and VP22trunc. 

16 (i) Co-purification of VP16 and VP22trunc on Ni-NTA 

17 Resin The ability of VP16 to interact with VP22trunc 

18 was examined by mixing purified VP22trunc with a 

19 bacterial extract containing VP16 (Fig 4, lane 1) 

20 followed by analysis of the polypeptides retained on 

21 Ni-NTA resin (Fig. 4). Results revealed that in the 

22 absence of VP22trunc, several polypeptides were eluted 

23 from the resin (Fig 4, lane 14), In the presence of 

24 VP22trunc, a novel band of 65 KDa also co-eluted (Fig 

25 4, lane 13); Western blot analysis showed that this 

26 polypeptide corresponded to VP 16 (data not shown) . 

27 This ability to specifically elute VP16 only in the 

28 presence of VP22trunc was reproducible over several 

29 experiments using various quantities of VP22trunc and 

30 crude baerterial extract containing VFI6« From these 

31 data, it was concl tided that tiie co-elut^ioti of VP 16 with 

32 VP22trunc from Ni-NTA resin resulted from the specific 

33 interaction between these proteins. 
34 
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1 (ii) Detection of VP22trunc by VP 16 using Far Western 

2 Analysis Previous investigations made use of Far 

3 Western analysis to study the interaction between VP16 

4 and VP22 (Elliott et al., 1995). In those studies, 

5 various forms of VP16 were separated by 

6 electrophoresis, blotted onto nitrocellulose filters 

7 and renatured . The blot was then probed with In vitro 

8 translated radio- labelled VP22 to detect binding to 

9 VP16 . To extend our studies, Far Western analysis was 

10 used to examine whether this interaction could be 

11 studied with VP22trunc attached to the blot and VP16 

12 used as a probe . Binding of VP16 to proteins on the 

13 blot could then be detected using LPI antibody. In Fig 

14 5A, purified VP22trunc has been added to a bacterial 

15 extract containing VP16 and the proteins 

16 electrophoresed on a polyacrylamide gel followed by 

17 transfer to membrane. Probing individual strips from 

18 the membrane separately with LPI and 9220 antibodies 

19 reveals the positions of VP16 (lane 1) and VP22trunc 

20 respectively (lane 4). In addition to monomeric 

21 VP22trunc, antibody 9220 also recognises the dimer and 

22 trimer forms of the protein; the presence of dimers in 

23 particular was a consistent observation and these are 

24 thought to arise through incomplete denaturation of the 

25 native protein. Incubation of a portion of the blot 

26 with VP16 followed by LPI reveals that not only does 

27 the antibody detect a 65 KDa protein corresponding to 

28 VP16 but also a band corresponding to monomeric 

29 VP22trunc (lane 2). Therefore, these data show that 

30 VP 16 can recognise VP22trunc iitaBCbilised on membrane . 

31 In the converse experiment, VF22tnme can alsro bind to 

32 immobilised VP16 (data not shown) . To confirm the 

33 binding specificity of, VP 16 for immobilised VP22trunc, 

34 a portion of the blot was probed with the VPlGtrunc. 

35 No. binding of VP16trunc to VP22trunc could be detected 
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1 (lane 3). These data confirm that removal of the C- 

2 terminal residues of the VP16 significantly reduces the 

3 ability of VP16 to bind to VP22 (Elliott et al . , 1995) 

4 and demonstrate the specific nature of the interaction 

5 between the proteins using this form of analysis. 
6 

7 To further define the region of VP22 involved in VP16 

8 binding, studies were performed with additional forms 

9 of bacterially-expressed VP22, two of which lacked the 

10 C-terminal epitope tag (Table 2). Both purified and 

11 crude extracts of all the available forms of VP22 made 

12 in bacteria were electrophoresed on a polyacrylamide 

13 gel and transferred to nitrocellulose membrane along 

14 with an uninduced bacterial extract. The blot was 

15 incubated with VP16 and bound protein was detected with 

16 LP1. VP16 was able to associate with all of the VP22 

17 species (Fig 5B, lanes 2 to 9 ) . Furthermore, a 

18 polypeptide which contained residues 159-301 and had an 

19 insertion of 4 amino acids at position 194 was 

20 recognised by VP16 (Fig 5B, lane 3). The additional 

21 bands detected in crude extracts containing the VP22 

22 proteins were present also in the uninduced control 

23 sample (compare lane 1 with lanes 2-5). These data 

24 indicate that an amino acid sequence responsible for 

25 specifically binding VP16 lies between residues 172 and 

26 259 of VP22 and that the epitope tag is not involved in 

27 the interaction. 
28 

2 9 (iii) Binding of VP 16 to VP22trunc by ELISA To adopt a 

30 more quantitative approach, an ELISA for VP 16 binding 

31 to VP 2 Zt rune was developed. Optimal conditions were 

32 determined by coating wells with various quantities of 

3 3 VE22trunc followed by blocking with 2% BSA. Plates 

34 were then incubated with dilutions of VP16 and the 

35 bound VP16 detected with LP1. This showed specific 
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1 detection of VP16 binding at a range of concentrations 

2 of VP16 and VP22trunc (Fig 6). Based on these data and 

3 repeat experiments (data not shown) , the concentrations 

4 of VP16 and VP22trunc used in subsequent assays were 

5 l,6|ag/ml and 3.2*ig/ml respectively (Fig 6, arrow). 
6 

7 3 Disruption of the VP16/VP22 Interaction by 

8 Synthetic Peptides To further examine the region 

9 within VP22 to which VP16 binds and to determine 

10 whether interaction between the proteins could be 

11 interrupted, a series of ten peptides were synthesised 

12 based on the predicted sequence of the VP22trunc 

13 polypeptide between residues 18 and 144 (Fig IB; SEQ ID 

14 No 3 ) ; this region encompasses the VP22 and epitope tag 

15 sequences in VP22trunc. Each peptide was 20 amino 

16 acids in length with an overlap of 8 residues between 

17 adjacent peptides. Relevant characteristics of the 

18 peptides synthesised are given in Table 1. 
19 

2 0 (i) Inhibition of the VP16/VP22trunc Interaction in Co- 

21 purification Studies. Results presented in Section 

22 2(i) had shown that VP16 co-elutes from Ni-NTA resin in 

23 the presence of VP22trunc and it was concluded that 

24 this indicated interaction between these polypeptides. 

25 The ability of synthetic peptides to inhibit this 

26 interaction was analysed by mixing them individually 

27 with the partially purified VP16 extract prior to 

28 addition of VP22trunc. From the intensity of the 65 

29 KDa species in the crude extract (Fig 4, lane 2), it 

30 was estimated that the concentration of VPI6 was 

31 appro xima tel y 0-5*Wv To ensure than experiments were 

32 performed in an excess of peptide, peptides were 

33 prepared at a, concentration of 2mg/ml (about ImM) and 

34 equal volumes of peptide and extract were mixed. This 

35 gave a relative molar ratio of VP 16 to peptide of 
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1 1:300. However, it should be noted that certain 

2 peptides were not completely soluble (Table 1) and in 

3 those cases, the ratio would be reduced. Analysis of 

4 the proteins which co-elute with VP22trunc in the 

5 presence of each of these peptides is shown in Figure 

6 4. This revealed that VP16 failed to . co-elute with 

7 VP22trunc following incubation with peptide E (lane 7) 

8 and in reduced amounts in the presence of peptide D 

9 (lane 6). By contrast, no quantitative differences in 

10 the amount of VP16 which co-elutes were observed in the 

11 presence of the other peptides when compared to the 

12 control sample (compare lanes 3 to 5 and 8 to 12 with 

13 lane 13). This suggested that peptides D and E could 

14 inhibit binding between VP16 and VP22trunc. However, 

15 these peptide preparations were not homogeneous 

16 (Table 1) and may contain impurities which non- 
17 specifically inhibit the interaction. To eliminate 

18 this possibility, peptides D and E were purified to 

19 homogeneity by reverse phase HPLC and further analysis 

20 showed that their inhibitory capabilities were retained 

21 (data not shown) . 
22 

23 (ii) Inhibition of the VP16/VP22trunc Interaction in 

24 Far Western Analysis. Based on the studies with 

25 soluble VP16 and VP22trunc presented above, only a 

26 restricted number of peptides were examined by Far 

27 Western analysis to identify those that may prevent 

28 binding of VP16. Thus, VP22trunc was added to a crude 

29 extract of bacterially expressed VP16 and the proteins 

30 were electrophoresed on a polyacrylamide gel followed 

31 by transfer to a membrane. As shown in Fig 7A r 

32 incubation of a portion of the blot with VP16 followed 

33 by LP1 antibody identified two bands, one of which 

34 corresponds to VP16 (compare lane 2 with lane 1) while 

35 the second is the monomeric form of VP22trunc (compare 
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1 lane 2 with lane 4). Before the addition of VP16 the 

2 blot strips in lanes 3 to 8 were incubated with crude 

3 preparations of peptides C f D, E, or F as well as 

4 mixtures of either D and E or C and F. When the blot 

5 strips were incubated with peptides C and F either 

6 singly or in combination, VP16 binding to VP22trunc was 

7 not prevented (Fig 7A, lanes 3, 6 and 8). By contrast, 

8 incubation with peptides D and E either separately or 

9 as a mixture resulted in loss of recognition of 

10 VP22trunc (Fig 7A, lanes 4, 5 and 7). In support of 

11 the co-purification studies in 2(i), these data suggest 

12 that peptides D and E can block binding of VP16 to 

13 immobilised VP22trunc. From Table 1 and as described 

14 in above, impurities in peptides D and E could account 

15 for their inhibitory effects. Therefore, the 

16 experiment as shown in Fig 7A was repeated with 

17 purified preparations of peptides D and E. Again, 

18 these peptides were able to block binding of VP16 to 

19 VP22trunc (Fig 7B, lanes 4 and 5) while peptides C and 

20 F had no effect (Fig 7B, lanes 3 and 6). The 

21 oligopeptide CAAVGRLA, comprising the overlap region 

22 between peptides D and E, may be particularly important 

23 in the VP16 binding function, and this oligopeptide, 

24 along with functional equivalents and substitutions 

25 thereof, forms a further aspect of the invention. 
26 

27 The results presented thus far have established that 

28 peptides D and E block the interaction between VP16 and 

29 VP22trunc. The inhibitory effect of the peptides was 

30 f ug&haac. tested to examine whether they were capable of 

31 blocking the interaction of VFI6 vrith f u 1 1 - length VP22. 

32 Hence, an extract from vUL4 9ep light particles 

33 containing full length VP 2 2 was elect rophoresed on a 

34 polyacryl amide gel and the proteins were then 

35 transferred to membrane. vUL49ep is a recombinant HSV- 
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1 1 virus which expresses two forms of VP22; the first is 

2 the endogenous form which is unmodified and the second 

3 is an epitope-tagged version which is expressed under 

4 the control of the HCMV immediate early promoter 

5 (Leslie et al . , 1996). Previous studies have indicated 

6 that the epitope-tagged version of VP22 is present in 

7 high amounts in vUL49ep virus particles (Leslie et al . , 

8 1996). Incubation of blot strips with antibodies LP1 

9 and 9220 shows the positions of both VP16 and full- 

10 length VP22 respectively on the blot (Fig 8, lanes 1 

11 and 6). Probing with VPI6 followed by LP1 shows that 

12 the antibody detects , in addition to VP16, a band of 

13 4 OKDa which represents full-length tagged VP22 (Fig 8, 

14 lane 2) . This indicates that the residues containing 

15 the histidine tag present at the N-terminus of 

16 VP22trunc do not contribute to VP16 binding. Prior 

17 incubation with either peptide D or E completely blocks 

18 binding of VP16 to VP22 (Fig 8, lanes 4 and 5). 

19 However, peptide C does not hinder the interaction (Fig 

20 8, lane 3). Thus, peptides D and E are sufficient to 

21 completely inhibit the recognition of both VP22trunc 

22 and full-length VP22 by VP16 .' 
23 

24 (iii) Inhibition of the VPl6/VP22trunc Interaction in 

25 ELISAs. The studies presented above have provided 

26 strong evidence in support of peptide inhibition of the 

27 interaction between VP16 and VP22 . However, 

28 quantitative analysis of the ability of peptides to 

29 block any interaction is difficult to perform by the 

30 above methods. Therefore, using the EL ISA system 

31 described in Results Section 2 (ill) with the exception 

32 that PBS/ 10% NCS was utilised as a blocking agent, the 

33 inhibitory effects of peptides D and E were examined* 

34 This modification arose due to nonspecific binding of 

35 the peptides to wells when BSA was used for blocking 
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1 (data not shown). Results showed that the addition of 

2 the pure preparations of either peptide D or E at 

3 concentrations of both 100 and 500 ng/ml could inhibit 

4 binding of VP16 to VP22trunc (Fig 9). However, neither 

5 peptides B, C nor F had any effect on interaction 

6 between the proteins (Fig 9). 50% inhibition of VP16 

7 binding was observed at concentrations of 212.5 yxg/ml 

8 for peptide D and 85-7 ng/ml for peptide E. These 

9 correspond to molarities of 99.7p.M and 44.1^iM 

10 respectively for these peptides. It should be noted 

11 however, that these concentrations represent maximum 

12 molarities, since the peptides were not 100% soluble 

13 even following' purification . 
14 

15 (iv) Direct Binding of Peptides D and E to VP16 . To 

16 examine whether VP16 could bind directly to the 

17 peptides, wells were coated with each peptide (A- J) at 

18 a range of concentrations from lug/ml to 500pg/ml and 

19 the plate was then blocked with PBS/ 10% NCS . 

20 Incubation with VP16 showed that binding did not occur 

21 with peptides A, B, C, F, G, I and J (Fig 10). 

22 However, binding was found with higher concentrations 
2 3 of peptides D and E (Fig 10). In addition, there was 
24 evidence also for VP16 binding to peptide H; the nature 
2 5 of this interaction was not further examined. 

2 6 Nonetheless, the data for peptides D and E implicate 

27 direct binding of these peptides to VP16 as the 

2 8 mechanism for inhibiting its interaction with VP2 2. 

2 9 Peptide H also was active in experiments which 

30 prevented gB binding to VFZZtrunc [Section 4 (iii)] and 

31 thus also forms art aspect of the i n v ent ion, 
32 

33 4 In irXfcro Binding of gB to VP22 and Disruption of 

34 Binding by Sywthe^tic Peptides. 
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1 (i) Structural Proteins Recognised by GST-gB using Far 

2 Western Blot Analysis. In a previous study with 

3 cross-linking reagents, gB was found to be in close 

4 proximity to four structural proteins in virions (Zhu 

5 and Courtney, 1994). Three of these proteins were 

6 proposed to be the tegument components,, VP11/12, 

7 VP13/14 and VP16 although VP16 was the only species 

8 positively identified by reactivity with a specific 

9 antibody. The fourth polypeptide had a similar 

10 molecular weight to VP22 but was not considered to be a 

11 tegument protein* Since the tegument underlies the 

12 envelope, it is reasonable to conclude that the 

13 endodomains of glycoproteins will contact the tegument. 

14 To analyse whether the C-terminal residues of gB, which 

15 constitute the endodomain of the polypeptide, could 

16 interact with any structural components, Far Western 

17 blot analysis was performed using purified HSV-1 

18 virions with GST-gB as a probe. Fig 11, lane 1 shows 

19 that a series of bands were identified following 

20 detection of bound GST-gB with anti-GST antibody. The 

21 major species had apparent molecular weights of 120KDa, 

22 90KDa, 82KDa, 6 5KDa and 38KDa; similar data have also 
2 3 been obtained with L-particles (lane 3)- Control 

24 experiments revealed that the 6 5KDa band is a 

25 non-specific species which was also detected using GST 

26 protein as a probe (lane 2). Further data (not shown) 
2 7 have shown that the 90KDa and 82KDa bands are VP11/12 
2 8 (encoded by UL46) and VP13/14 (encoded by UL47) 

29 respectively. This agrees with the results obtained in 

30 the crass— Linking studies performed by Zhu and Courtney 

31 (1994) although there is no evidence here that GST-gB 

32 associates with VP16- Presently, the 120KDa band has 

33 not been characterised* In agreement with the data 

34 presented by Zhu and Courtney (19-94) r the 38KDa species 

35 has an identical molecular weight to VP22. To further 
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1 characterise this species, GST-gB was used to probe 

2 L-particles made by vUL49ep which contains 

3 epitope-tagged VP22 and, moreover, the tagged VP22 is 

4 present in greater quantities when compared with virus 

5 particles made by wild-type virus. This showed that 

6 GST-gB bound to the same species as identified with 

7 wild-type virions and, in addition, bound to tagged 

8 VP22 which has a slightly higher molecular weight than 

9 the natural protein (Figure 11, lane 3). Another 

10 experiment using L-particles made by a virus 

11 recombinant, vUL49A268-301 , in which the C-terminal 34 

12 residues have been removed from the tagged copy of the 

13 UL49 gene, showed that GST-gB bound to this truncated 

14 form of VP22 (Figure 11, lane 4)- This provides direct 

15 evidence that the C-terminal region of gB interacts 

16 with VP22, and moreover that the C-terminal 34 residues 

17 of VP22 are not required for binding to gB . 
18 

19 (ii) Binding of gB to VP22trunc. The above analysis 

20 demonstrated that gB binds specifically to VP22 and to 

21 a C-terminally truncated form of the protein- The 

22 ability of gB to associate with the 

2 3 bacterially-expressed form of VP22, VP22trunc, was then 

24 studied. As shown in Fig 12A, lane 1, three bands of 

2 5 6 5KDa , 25KDa and 16KDa were detected following 

26 incubation with GST-gB and anti-GST antibody. Of these 

27 three species, the 65KDa and 25KDa bands also were 

28 evident in the control using GST protein and anti-GST 

29 antibody (Fig 12A, lane 2)- However, the 16KDa protein 

30 was not observed and analysis with 9220 KAb indicated 

31 that this polypeptide was VF22trruTttr (Fig I2A, lane 3) - 

32 Hence the region of VP 2 2 consisting of amino acids 

33 159--e2.fi 7 not only binds VP 16 but also interacts with the 

34 C-terminal residues of gB. 
35 
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1 (iii) Inhibition of gB/VP22trunc Binding by Synthetic 

2 Peptides. Similar to the studies performed with 

3 inhibition of binding of VP16 to VP22 peptides A to J, 

4 which span residues 18 to 144 of VP22trunc, were used 

5 to examine whether gB binding could also be prevented 

6 (Fig. 12B) . Co-incubation of individual peptides with 

7 GST-gB showed that peptides D, E and H completely 

8 inhibited binding of gB (lanes 5, 6 and 9; these 

9 inhibitory effects were reproducible in other 

10 experiments. The data presented in Section 3(i-iii) 

11 also indicate that peptides D and E inhibit the 

12 interaction between VP16 and VP22 while there is 

13 evidence that peptide H can bind VP16 [Section 3 ( iv ) ] . 

14 This suggests that these peptides have the- ability, to 

15 interact not only with VP16, but also with the 

16 C-terminal domain of gB. 
17 

18 Modifications and improvements can be incorporated 

19 without departing from the scope of the invention. 
20 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: 

(A) NAME: MEDICAL RESEARCH COUNCIL 

(B) STREET: 20 PARK CRESCENT 
fC) CITY: LONDON 

(E) COUNTRY: UNITED KINGDOM 

(F) POSTAL CODE (ZIP): WIN 4AL 

(ii) TITLE OF INVENTION : ANTI - VIRAL AGENT AND ASSAY THEREFOR 
(Hi) NUMBER OF SEQUENCES: 13 

(iv) COMPUTER READABLE FORM: 

(A) MEDI UM T YPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS-DOS 

(D) SOFTWARE: Patentln Release #1.0. Version #1.30 (EPO) 



(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 950 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 45 . .950 



<xi) SEQUENCE DESCRIPTION: SEQ ID NO: X: 

GCCCTAATTG TCCGCGCATC CGACCCTAGC GTGTTCGTGG AACC ATG ACC TCT CCC 

Met Thr Ser Arg 
1 

CGC TCC CTG AAG TCG GGT CCC CGG GAG GTT CCC CGC GAT GAG TAC GAG 
Arg Ser Val Lys Ser Gly Pro Arg Glu Val Pro Arg Asp GIu Tyr Glu 
5 10 15 20 

GAT CTG TAC TAC ACC CCG TCT TCA GGT ATG GCG AGT CCC GAT ACT CCG 
Asp Leu Tyr Tyr Thr Pro Ser Ser Gly Met Ala Ser Pro Asp Ser Pro 

30 



56 



104 



152 



w- T GAC ACC TCC CCC OCT CCC GCC CTA CAG ACA CGC TCG CGC CAG ACG 
Pro asp Thr Ser Ary Ar* Gly Ala Leu Gin Tfcrr Ar* Ser Arr Girt Are 

40 45 SO 

CGC GAG GTC CGT TTC GTC CAG TAC GAC GAG TCC GAT TAT CCC CTC TAC 
Gly ciu val Arg/Phe Val Gin Tyr Asp Glu Ser Asp Tyr Ala Leu Tyr 

53 60 es 

GCG GGC TCG TCA TCC GAA GAC GAC GAA CAC CCC GAG CTC CCC CGG ACC 
Gly Gly Ser Ser Ser Glu Asp Asp Glu His Pro Glu Val Pro Arir Thr 

70 7S 00 8 



ZOO 



Z4A 



296 
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CGG CGT CCC CTT TCC GGG GCG GTT TTG TCC GGC CCG GGG CCT GCG CGG 344 
Arg Arg Pro Val Ser Giy Ala Val Leu Ser Gly Pro Gly Pro Ala Arg 
85 90 95 100 

GCG CCT CCC CCA CCC GCT GCG TCC GGA GGG GCC CCA CCC ACA CCC ACC 3 92 

Ala Pro Pro Pro Pro Ala Gly Ser Gly Gly Ala Gly Arg Thr Pro Thr 

105 110 115 

ACC CCC CCC CGG CCC CCC CCA ACC CAG CGG GTG GCG ACT AAG CCC CCC 4 40 

Thr Ala Pro Arg Ala Pro Arg Thr Gin Arg Val Ala Thr Lys Ala Pro 

120 125 130 

CCC CCC CCG GCG GCG GAG ACC ACC CGC GGC ACC AAA TCC GCC CAG CCA 488 
Ala Ala Pro Ala Ala Glu Thr Thr Arg Gly Arg Lys Ser Ala Gin Pro 
135 140 145 

GAA TCC GCC CCA CTC CCA GAC GCC CCC CCC TCC ACG GCC CCA ACC CCA 536 
Glu Ser Ala Ala Leu Pro Asp Ala Pro Ala Ser Thr Ala Pro Thr Arg 
150 155 160 

TCC AAG ACA CCC GCG CAG CCG CTC GCC ACA AAG CTG CAC TTT ACC ACC 584 
Ser Lys Thr Pro Ala Gin Gly Leu Ala Arg Lys Leu His Phe Ser Thr 
165 170 ITS 180 

GCC CCC CCA AAC CCC CAC GCG CCA TGG ACC CCC CCC GTG GCC CGC TTT 63 2 

Ala Pro Pro Asn Pro Asp Ala Pro Trp Thr Pro Arg Val Ala Gly Phe 

185 190 195 

AAC AAC CGC CTC TTC TCC CCC GCG GTC GGG CCC CTG CCC CCC ATC CAT 680 
Asn Lys Arg Val Phe Cys Ala Ala Val Gly Arg Leu Ala Ala Met His 

200 205 210 

CCC CCC ATC GCC GCG GTC CAC CTC TGG CAC ATC TCC CCT CCG CCC ACA 728 
Ala Arg Met Ala Ala Val Cln Leu Trp Asp Met Ser Arg Pro Arg Thr 
215 220 225 

GAC GAA GAC CTC AAC GAA CTC CTT GGC ATC ACC ACC ATC CCC GTG. ACC 776 
Asp Glu Asp Leu Asn Glu Leu Leu Gly He Thr Thr lie Arg Val Thr 
230 233 240 

CTC TCC CAG CCC AAA AAC CTG CTT CAG CGC GCC AAC GAC TTG GTG AAT 8 24 

Val Cys Glu Gly Lys Asn Leu Leu Gin Arg Ala Asn Glu Leu Val Asn 
245 250 2S5 260 

CCA GAC GTG GTC CAG GAC GTC GAC GCG GCC ACG GCG ACT CGA CGG CCT 672 
Pro Asp Val Val Cln Asp Val Asp Ala Ala Thr Ala Thr Arg Gly Arg 

265 270 275 

TCT GCC GCG TCC CCC CCC ACC CAG CGA CCT CGA GCC CCA CCC CGC TCC 920 
Ser Ala Ala Ser Arg Pro Thr Glu Arg Pro Arg Ala Pro Ala Arg Ser 

280 285 290 

GCT TCT CCC CCC ACA CCG CCC CTC GAG TGA 950 
Ala Ser Arg Pro Arg Arg Pro Val GLu* • 
295 300 



(2) INFORMATION FOR SEQ ID NO: 2: 

U) SEQUE NCE C HARACTERISTICS : 
, ( A) LESCfttt 301 amino aglets 
(B) TYPE: antlxxo acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Met Thr Ser Arg Arg Ser Val Lys Ser Gly Pro Arg Clu Vai Pro Arg 
1 5 10 15 

Asp Clu Tyr Clu Asp Leu Tyr Tyr Thr Pro Ser Ser Cly Met Ala Ser 

20 25 30 

Pro Asp Ser Pro Pro Asp Thr Ser Arg Arg Gly Ala Leu Gin Thr Arg 

35 40 45 

Ser Arg Gin Arg Gly Glu Val Arg Phe Val Gin Tyr Asp Glu Ser Asp 
50 55 60 

Tyr Ala Leu Tyr Gly Gly Ser Ser Ser Glu Asp Asp Glu His Pro Clu 
65 70 75 80 

Val Pro Arg Thr Arg Arg Pro Val Ser Gly Ala Val Leu Ser Gly Pro 

8 5 90 95 

Gly Pro Ala Arg Ala Pro Pro Pro Pro Ala Gly Ser Gly Gly Ala Gly 

100 105 110 

Arg Thr Pro Thr Thr Ala Pro Arg Ala Pro Arg Thr Gin Arg Val Ala 
115 120 125 

Thr Lys Ala Pro Ala Ala Pro Ala Ala Glu Thr Thr Arg Gly Arg Lys 
130 135 140 

Ser Ala Gin Pro Glu Ser Ala Ala Leu Pro Asp Ala Pro Ala Ser Thr 
145 ISO 155 160 

Ala Pro Thr Arg Ser Lys Thr Pro Ala Gin Cly Leu Ala Arg Lys Leu 

165 170 175 

His Phe Ser Thr Ala Pro Pro Asn Pro Asp Ala Pro Trp Thr Pro Arg 

180 185 190 

Val Ala Gly Phe Asn Lys Arg Val Phe Cys Ala Ala Val Gly Arg Leu 
195 200 205 

Ala Ala Met His Ala Arg Met Ala Ala Vai Gin Leu Trp Asp Met Ser 
210 215 220 

Arg Pro Arg Thr Asp Glu Asp Leu Asn Glu Leu Leu Gly He Thr Thr 
225 230 235 240 

He Arg Val Thr Val Cys Glu Gly Lys Asn Leu Leu Gin Arg Ala Asn 

24S 250 255 

Glu Lea Val Asa Pro Asp Val Vfel CLn Asp Val Asp Ala Ala Tttr Ala 

ZSQ 265 270 

Thr Arg Gly Arg Ser Ala Ala Ser Ary Prt* T!if Clu Ant Pro Arg* Ala 
275 280 285 

Pro Ala Arg Ser Ala Ser Ar* Pro Arg Arg Pro Val Glu • 
290 295 MO 

(2) INFORMATION FOR SEQ ID NO: 3: 

( 1 ) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 144 amino acids 
(8 ) TYPE: amino acid 
(C) STRAND ED NESS : s 
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(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

Met Giy Ser Ser His His His His His His Ser Ser Ciy Leu Val Pro 
1 5 10 15 

Ar* Gly Ser His Me. Ala Ser Thr Aia Pro Thr Arg Ser Lys Thr Pro 

20 25 30 

Ala Gin Gly Leu Ala Arg Lys Leu His Phe Ser Thr Ala Pro Pro Asn 
35 40 45 

Pro Asp Ala Pro Trp Thr Pro Arg Val Ala Gly Phe Asn Lys Arg Val 
50 S5 60 

Phe Cys Ala Ala Val Gly Arg Leu Ala Ala Met His Ala Arg Met Ala 
65 70 75 80 

Ala Val Gin Leu Trp Asp Met Ser Arg Pro Arg Thr Asp Glu Asp Leu 

8S 90 95 

Asn Glu Leu Leu Gly lie Thr Thr He Arg Val Thr Val Cys Glu Gly 

100 105 HO 

Lys Asn Leu Leu Gin Arg Aia Asn Glu Leu Val Asn Pro Asp Val Val 

US 120 125 

Gin Asp Val Pro Asp Pro Glu Arg Lys Thr Pro Arg Val Thr Gly Gly 
130 135 140 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amine acids 
(8) TYPE: amino acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc » "SYNTHETIC DNA" 



(xi) SEQUENCE DESCRIPTION: SEQ U> M r «s. 

Gly Ser His Met Ala Arg Hfrr Ala Pro Tfcr 5 at*: Ser 
1 5 10 IS 

Gla Gly l^eu Ala 

(2) INFORMATION FOR SEQ 10 NO: Sz 

( i ) SE QU E N C E CHARACTERISTICS : 

(A) LENGTH: 20 amino acids 

(a) TYPE: am too acid 

(C) STRANQEDNESS : single 
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(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc » "SYNTHETIC DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 5 : 

Lys Thr Pro Ala Gin Gly Leu Ala Arg Lys Leu His Phe Ser Thr Ala 

5 ^* ''^ 



I 



Pro Pro Asn Pro 

20 



(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc - "SYNTHETIC DNA 



(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 6: 

Phe Ser Thr Ala Pro Pro Asn Pro Asp Ala Pro Trp Thr Pro Arg Val 

S 10 AO 



1 



Ala Gly Phe Asn 

20 



(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc • * SYNTHETIC DNA 



(xi) SEOOEWE OESfflXETION; SEQ ID NO: 7: 

Thr Pro Arg Val Ala Gly Phe Asn Lys Arg Val Phe Cys Ala Ala Val 

Gly Arg Usa Ala 

20 

iZ) INFORMATION FOR SEQ ID NQ: H: 



(i) SEQUENCE CHARACTERISTICS: 

(A> LENGTH: 20 amino acids 
(B) TYPE: amino acid 
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(C) STRAND ED NESS : single 

(D) TOPOLOGY: linear 



Mi) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION : /desc « "SYNTHETIC DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

Cys Ala Ala Val Gly Arg Leu Ala Ala Met His Ala Arg Met Ala Al 
X S 10 15 



a 



Val Gin Leu Trp 

20 



(2) INFORMATION FOR SEQ ID NO: 9: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 

< ID MOLECULE TYPE: other nucleic acid 

(ii) M ^* C ^ OTIpTION: /deS c - "SYNTHETIC DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
Arg Met Ala Ala Val Gin Leu Trp Asp Met Ser Arg Pro Arg Thr Asp 



1 



Glu Asp Leu Asn 

20 



(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 

/ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc - -SYNTHETIC DNA 



(je£| SF ffflff 1 ' ^ ? OFS^ 1 ^ 1 ^- SSI TO MO- 

Pro Arg Thr Asp Glu Asp Leu Asn Glu Leu Leu Gly He Thr Thr lie 
X 5 10 

At*& VaX tkr Val 

20 

f 2 ) INFORMATION FOR SEQ TO NO: 11: 

(1) SEQUENCE CHARACTERISTICS: 

( A ) L£?*CTH : 2t) amino ac ids 
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(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(Li) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "SYNTHETIC DNA" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

lie Thr Thr lie Arg Val Thr Val Cys Glu Gly Lys Asn Leu Leu Gin 
I 5 10 15 

Arg Ala Asn Glu 

20 

•1 ... 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "SYNTHETIC DNA" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12; 

Asn Leu Leu Gin Arg Ala Asn Glu Leu Val Asn Pro Asp Val Val Gin 
I 5 10 15 

Asp Val Pro Asp 

20 

(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc » "SYNTHETIC UNA" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

Asp Val Val Gin Asp Val Pro Asp Pro Glu Arg Lys Thr Pro Arg Val 
! 5 10 15 

Thr Gly Gly 



980470BA1 I > 



WO 98/04708 



PCT/GB97/02036 



58 

iii) washing to remove any second viral component 
and/or test substance not associated with the 
first viral component; and 

iv) detecting the presence, and optionally 
determining the amount, of second viral 
compound associated with said first viral 
component . 

12 An assay as claimed in Claim 11 wherein said first 
viral component is VP22 and said second viral 
component is VP16 or gB . 

13 An assay as claimed in either one of Claims 11 and 
12 wherein one of said first and second viral 
components is localised on a surface. 

14 An assay as claimed in any one of Claims 11 to 13 
wherein an antibody is used to detect the presence 
of second viral component associated with said 
first viral component. 

15 A method of combatting viral maturation and/or 
replication of a herpesvirus, the method 
comprising providing an agent capable of 
interfering with the interaction of gB and/or VP16 
with VP 2 2 . 

16 Use of an agent capable of interfering with 
VPL6/VB.22 association or vtrtt gS/VF27 association 
for combatting herpesvirus Lnf&CZi on, replication 
or maturation. 
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